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What is Clubfoot?
Clubfoot is a birth defect
that affects 1 in every 1000
children worldwide. It is
characterized by a baby’s
foot being twisted inward
and upward because the tendons are shorter than usual.

Testing the Forces of the Cunningham Brace
One of our goals is to quantify the biomechanical forces of the Cunningham Clubfoot
Brace. To do this, a robust testing system was made with capacitance force sensors
and was tested with healthy babies. A clinical and/or take-home system that collects
data with a new Arduino board is in development.

The current treatment for
clubfoot is the Ponseti
Method, which consists of a
corrective phase of five
different casts, followed by a
maintenance bracing phase.

In one successful system test, the dorsiflexion heel (DFH)
sensor outputted a force greater than the
dorsiflexion toes (DFT) sensor and the
brace responded to team members creating
an abduction force. This confirms Mr.
Cunningham’s initial hypothesis that the
brace provides greater force at the distal
calcaneus than at the second metatarsal
providing correct dorsiflexion treatment.

Maintenance Braces
Boots-and-Bar Brace
(Current Method)
5 year treatment
Bilateral (both feet)
Uncomfortable
Limits mobility
Inhibits muscle growth
Has more social stigma

Sustainable Manufacturing
The Cunningham Brace is currently manufactured using a vacuum molding procedure. Mr. Cunningham is working on injection molding the brace that will reduce
production time, improve accessibility, and
decrease variability.
This year we have
worked on creating
scan models that Mr. Cunningham will use to
injection mold the brace. A reuse and sustainability analysis is also being completed for
Hope Walks in Kijabe, Kenya to determine
how long each piece of the brace will last to
support their clinical study. Specific parts of
the brace were identified and failure mechanisms diagnosed:

•
•

•

Creating an infant foot model will allow us to test the forces the brace exerts in a laboratory setting. This
year the team has progressed by creating a manual for the creation of the biomechanical model with multiple improvements.
Improvements:
Creation of cast for gel model
Visualization of bone structure
Anatomical tendon connection accuracy
Future Steps:
Creating larger model for size two brace

•
•

Cunningham Brace
Replaces the Boots-and-Bar brace
2-3 year treatment
Unilateral (one foot)
Promotes comfort
Allows mobility and muscle growth
Can be hidden to reduce social stigma
Reports a high compliance (88%)
•

•

•

•

•

•

•
•
•

•

•

Future Directions
•

•
•
•
•
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Creating an Infant Foot Model

•

Visit to Cunningham Prosthetic Care
Fall 2021
Force Testing with clubfoot patients
Brace Scanning advice from Mr. Cunningham
Insight on force analysis from Mr. Cunningham

•

•
•
•
•

Fall 2021:
Further data analysis and experimental design for
force testing
Testing with clubfoot children
Continuation of fatigue analysis and brace reusability
Continued refinement of the biomechanical model
Updates on clinical study in Kenya

Conclusion
In the efforts to test the effectiveness of the Cunningham Clubfoot
Brace as a clubfoot maintenance brace for CURE International, we
have continually improved our force testing system and completed
new brace sustainability research to asses the reliability of the
brace. Improvements in the infant foot model and testing with
healthy children take us one step closer to providing conclusive research. Then, hopefully Hope Walks will be able to use the brace as
a viable option for children in their clubfoot treatment process.
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▌Disclaimer
The work presented in this document has been provided solely for educational
and edification purposes. All materials are composed by students of Messiah
University and are not certified by any means. They do not constitute
professional consultation and require the examination and evaluation by a
certified engineer through any product development process. The contents
documented are the produced work by the student design team but do not
necessarily represent the as-built or as-assembled state of a complete and
tested design; faculty, staff, and other professionals involved in our program
may have augmented the student engineering work during implementation,
which may not be recorded within this document.
Messiah University, the Collaboratory, nor any party related to the composition
of this document, shall be liable for any indirect, incidental, special,
consequential, or punitive damages, or any loss of profits or revenues, whether
incurred directly or indirectly, or other intangible losses, resulting from your
access to or use of the provided material; any content obtained from the
provided material, or alteration of its content.

